###### Strengths and limitations of this study

-   Diagnosis of diabetes were determined from several sources (ie, glycaemic biomarker, self-reported medication and medical diagnosis).

-   Diagnosed and undiagnosed diabetes were differentiated.

-   Two different glycaemic biomarkers were studied (ie, fasting plasma glucose and glycated haemoglobin).

-   A low participation rate was observed, but there were no differences between the randomly selected sample initially contacted to participate in the survey (n=6396) and the real respondents' sample (n=1451).

-   An upper age limit of 65 years leads to an underestimation of diabetes prevalence.

Introduction {#s1}
============

Diabetes is one of the most prevalent chronic disease in the world affecting 422 million adults in 2014[@R1] and its societal burden has been increasing over time due to population ageing and high prevalence of underlying risk factors.

Despite the knowledge and efforts to tackle this condition, the number of people with undiagnosed diabetes still remains high all around the world.[@R2] Identification, follow-up and treatment of affected individuals are necessary to prevent and reduce complications (retinopathy, neuropathy, etc).[@R3]

Prediabetes is an intermediate status between normal glucose and frank diabetes.[@R4] Individuals with prediabetes are more likely to develop diabetes (approximately 5%--10% within 1 year) than normoglycaemic individuals.[@R4] Targeted interventions in individuals with prediabetes may prevent progression to the disease, as demonstrated in the Diabetes Prevention Programme.[@R7] This progression has public health relevance given the societal and economic burden of both prediabetes and diabetes and their associated comorbidities in the context of ageing populations across many countries worldwide.[@R8]

Several studies have investigated the prevalence and potential risk factors of diabetes,[@R9] prediabetes[@R9] and undiagnosed diabetes,[@R9] revealing the role of sociodemographic factors, genetics, adiposity, blood lipids and lifestyles but also with conflicting results between studies. This discrepancy may be based on the age of the studied population,[@R10] the interdependence between explanatory variables or the sociocultural differences between countries.[@R9] Some national population-based studies in Western European countries have reported on diabetes prevalence and its associated factors, although with limited attention to prediabetes.[@R11] In Luxembourg, very few population-based studies have investigated diabetes prevalence and potential risk factors.[@R15] To our knowledge, no study to date has specifically focused on undiagnosed diabetes and prediabetes. Therefore, the aims of this study were to provide current estimates of prediabetes and diabetes prevalence in Luxembourg, as well as examine associated risk factors using data from the most recent European Health Examination Survey (EHES).

Methods {#s2}
=======

Study design {#s2a}
------------

Data were collected as part of the EHES in Luxembourg (EHES-LUX), a 2013--2015 cross-sectional survey in a randomly selected representative sample of the general adult population. A detailed description of the study protocol has been previously published.[@R18] Briefly, 1529 residents aged 25--64 years participated in this study, representing a response rate of 26.7%.[@R19] Among them, 21 pregnant women were removed from the study. Additionally, 57 participants without any information on their prediabetes status (no available glycaemic biomarker data for these individuals) were also excluded from the analyses. A total of 1451 participants with complete information on their glycaemic status were included in the present study.

Diabetes classification {#s2b}
-----------------------

In order to categorise all diagnosed and undiagnosed cases in our survey, diabetes was defined according to at least one of these three criteria: a fasting plasma glucose (FPG) greater or equal to 7.0 mmol/L, a self-reported physician diagnosis of diabetes and/or use of glucose-lowering medications. Undiagnosed diabetes was defined as an FPG greater or equal to 7.0 mmol/L. Diagnosed diabetes was defined as the difference between total and undiagnosed diabetes. For comparisons with US-based studies, prediabetes was defined by 5.6 mmol/L \<FPG \< 7.0 mmol/L (based on the American Diabetes Association (ADA)[@R22] and no self-reported physician diagnosis of diabetes or self-report of any diabetes medication. Normoglycaemia was defined by FPG \<5.6 mmol/L and no physician diagnosis of diabetes or self-report of glucose-lowering drugs.

Diabetes was also defined by the glycated haemoglobin (HbA1c) level. According to ADA guidelines, HbA1c thresholds of prediabetes are 5.7%--6.4% (1.18-1.40 g/L) while diabetes is defined as an HbA1c level ≥6.5% (1.41 g/L).[@R22] HbA1c was used for sensitivity analysis (Venn diagram).

Biochemical variables {#s2c}
---------------------

After an overnight 8-hour fast, a venous blood sample was drawn from the arm of each subject in sitting position by antecubital vein puncture. The blood samples were transferred to a national laboratory using strict internal and external standard quality control techniques. After extraction and centrifugation, they were immediately analysed. The laboratory tests concerned FPG, HbA1c, triglycerides, serum total cholesterol and serum high-density lipoprotein (HDL) cholesterol.

Other model variables {#s2d}
---------------------

Several questions related to family history of diabetes (father, mother or brother/sister) were used to complete information on individuals' diabetes. As previously described,[@R19] additional information on demographics (including immigration status classified by 'no immigrant', 'first generation' and 'second generation'), lifestyle factors (including alcohol consumption, categorised from a threshold of two or three drinks/day according to participants' sex and corresponding to WHO recommendations[@R23]), anthropometric measures and health status variables were collected as part of the EHES protocol.

Statistical methods {#s2e}
-------------------

Overall prevalences estimates and prevalences according to sex and age were calculated from weighted statistical methods to produce nationally representative estimates using population census data of Luxembourg in 2011. Sampling weights were computed from the probabilities to be selected at each stage of sampling and were adjusted for non-response. Then they were assigned to each participant from the same stratum. To be comparable, prevalence rates from Luxembourg and other countries were age-standardised or even age-standardised and sex-standardised when data were available (WHO 2000--2025 World Standard Population).

Descriptive statistics of correlates and related comorbidities of diabetes statuses were calculated. As continuous variables did not contain any extreme values, mean and SD were used. To evaluate the association between glycaemic status and sample characteristics, two-sample Student's t-tests were used. Regarding categorical variables, if the expected values in any of the cells of a contingency table were not below 5, Pearson's χ^2^ tests were used. Otherwise, a Fisher's exact test was preferred.

Logistic regression analyses adjusted for sex, age, region of residence and body mass index (BMI) were used to analyse the factors associated with diabetes in comparison with no diabetes, then the factors associated with prediabetes versus normoglycaemia. In each case, multivariable-adjusted OR (MVOR) and 95% CI were estimated. Interactions between sex and the other covariates on study outcomes did not yield significance in our main analysis and thus were not included in the regression models. In case of multicollinearity between explanatory variables (abdominal obesity and BMI), the most strongly associated variable with the outcome of interest in univariate analyses was kept. Selection of variables was also based on previous literature. Then, to avoid missing possible covariates associated with the outcome of multivariable analyses, a wide p\<0.20 criterion measured in univariate analyses was used to select covariates to be included in the adjusted models. Non-selected variables were discarded from the final model.

All statistical analyses were carried out using SAS V.9.4 (SAS Institute, Cary, North Carolina, USA). A two-sided p\<0.05 was considered statistically significant in descriptive and multivariate analyses.

Patient and public involvement {#s2f}
------------------------------

No patients were involved in setting the research question, nor were they involved in the planning of the study. At the end of the study, the participant received by regular post the results of biological tests (blood and urine) and the results of medical examinations. A copy was sent, if wanted/requested, to his/her medical doctor (general practitioner, family doctor or any referent medical doctor). Results of the biological analysis and medical examinations were validated and evaluated by the clinical committee who verified the presence or absence of anomalies. In case of abnormal results, the participant was informed in the abovementioned postal letter. In case of severe/highly abnormal results, the laboratory or the clinical committee informed the study nurse coordinator or a back-up study nurse. The participant was then contacted by phone in order to invite him/her to consult his/her medical doctor, which has been concluded with a follow-up call.

Results {#s3}
=======

The prevalence of diabetes (including undiagnosed and diagnosed cases) weighted on sex, age and region was 6.5% (8.4% for men and 4.5% for women) including 1.7% of undiagnosed diabetes cases (2.6% for men and 0.7% for women), as described in [table 1](#T1){ref-type="table"}. A quarter (25.6%) of Luxembourg residents were categorised as subjects with prediabetes (33.1% for men and 17.6% for women). Prediabetes prevalence increased with age regardless of gender. Moreover, diabetes prevalence regularly increased with age in men.

###### 

Weighted prevalence of 25--64-year-old prediabetes, undiagnosed and diagnosed diabetes, with 95% CI (n=1451)

                      Normoglycaemia      Prediabetes         Diagnosed diabetes   Undiagnosed diabetes
  ------------------- ------------------- ------------------- -------------------- ----------------------
  Overall (n=1.431)   68.0 (65.5--70.4)   25.6 (23.3--27.9)   4.8 (3.7--5.9)       1.7 (1.0--2.3)
  Male (n=695)        58.5 (54.7--62.2)   33.1 (29.6--36.7)   5.8 (4.0--7.5)       2.6 (1.4--3.8)
   25--34 (n=125)     76.3 (68.7--83.8)   22.9 (15.4--30.4)   0.8 (0.0--2.5)       /
   35--44 (n=214)     64.0 (57.5--70.6)   31.2 (24.8--37.5)   2.1 (0.2--4.0)       2.7 (0.5--4.9)
   45--54 (n=223)     53.0 (46.3--59.7)   35.9 (29.5--42.4)   7.4 (3.9--10.8)      3.7 (1.1--6.2)
   55--64 (n=133)     37.4 (28.9--45.8)   44.1 (35.5--52.7)   14.5 (8.5--20.5)     4.0 (0.5--7.5)
  Female (n=756)      77.9 (74.9--80.9)   17.6 (14.8--20.3)   3.8 (2.4--5.2)       0.7 (0.1--1.2)
   25--34 (n=156)     88.1 (82.8--93.3)   8.6 (4.1--13.1)     3.3 (0.4--6.2)       /
   35--44 (n=226)     85.4 (80.8--90.1)   12.4 (8.0--16.8)    2.1 (0.2--4.0)       /
   45--54 (n=221)     75.0 (69.1--80.9)   21.5 (15.9--27.0)   3.0 (0.6--5.4)       0.5 (0.0--1.5)
   55--64 (n=153)     58.8 (50.9--66.7)   30.6 (23.2--38.0)   8.0 (3.6--12.4)      2.6 (0.0--5.2)

Data are % (95%  CI).

The Venn diagram for diabetes using this classification is shown in [figure 1](#F1){ref-type="fig"}. We noticed that among participants with diabetes, almost 75% of individuals met both FPG and HbA1c criteria, 11.2% met only HbA1c criterion and 15.9% met only FPG criterion.

![Venn diagram for individuals' diabetes (fasting plasma glucose (FPG) versus glycated haemoglobin (HbA1c)), according to the American Diabetes Association classification.](bmjopen-2018-022206f01){#F1}

The association between several explanatory variables and glycaemic status is described in [table 2](#T2){ref-type="table"}. Sex was strongly associated with glycaemic status (p\<0.01) with less normoglycaemic men than women, but not with diabetes awareness (diagnosed compared with undiagnosed diabetes; p=0.09). Age and BMI were also associated with glycaemic status (respectively p\<0.01 and p\<0.01); individuals with diabetes were more likely to be older and with a higher BMI; but age and BMI were not associated with diabetes awareness (respectively p=0.97 and p=0.58). Similar associations were observed with socioeconomic factors: education was significantly associated with glycaemic status (p\<0.01) with a higher proportion of diabetes in participants with primary education but not with diabetes awareness (p=0.96), similarly for job status (respectively p=0.01 and p=0.24) where the proportion of diabetes was higher in not-working participants.

###### 

Descriptive characteristics of the EHES-LUX sample by glycaemic status

  ---------------------------------------------------------------------------------------------------------------------------------------------------------
                                          *n*    Normoglycaemia   Prediabetes   Diabetes     P\        Diagnosed diabetes   Undiagnosed diabetes   P\
                                                                                             value\*                                               value†
  --------------------------------------- ------ ---------------- ------------- ------------ --------- -------------------- ---------------------- --------
  Age (years)                             1451   43.4±9.7         48.3±9.7      51.6±9.4     \<0.01    51.5±9.8             51.6±8.3               0.97

  Sex                                                                                        \<0.01                                                0.09

   Men                                    695    398 (57.3%)      235 (33.8%)   62 (8.9%)              43 (69.3%)           19 (30.7%)             

   Women                                  756    588 (77.8%)      135 (17.9%)   33 (4.4%)              28 (84.8%)           5 (15.2%)              

  Marital status                                                                             0.36                                                  0.02

   Married                                958    639 (66.7%)      254 (26.5%)   65 (6.8%)              18 (60.0%)           12 (40.0%)             

   Not married                            493    347 (70.4%)      116 (23.5%)   30 (6.1%)              53 (81.5%)           12 (18.5%)             

  Education                                                                                  \<0.01                                                0.96

   Primary                                364    217 (59.6%)      110 (30.2%)   37 (10.2%)             27 (73.0%)           10 (22.9%)             

   Secondary                              553    370 (66.9%)      147 (26.6%)   36 (6.5%)              27 (75.0%)           9 (25.0%)              

   Tertiary                               529    396 (74.9%)      112 (21.2%)   21 (4.0%)              16 (76.2%)           5 (23.8%)              

  Job status                                                                                 0.01                                                  0.24

   Not working                            341    213 (62.5%)      95 (27.9%)    33 (9.7%)              27 (81.8%)           6 (18.2%)              

   Working                                1109   772 (69.6%)      275 (24.8%)   62 (5.6%)              44 (71.0%)           18 (29.0%)             

  Immigrant origin                                                                           0.14                                                  0.86

   Not immigrant                          527    349 (66.2%)      151 (28.7%)   27 (5.1%)              21 (77.8%)           6 (22.2%)              

   First-generation immigrant             691    470 (68.0%)      171 (24.8%)   50 (7.2%)              37 (74.0%)           13 (26.0%)             

   Second-generation immigrant            227    162 (71.4%)      48 (21.1%)    17 (7.5%)              12 (70.6%)           5 (29.4%)              

  Alcohol (last year)                                                                        \<0.01                                                \<0.01

   No drinker                             581    433 (74.5%)      114 (19.6%)   34 (5.9%)              32 (94.1%)           2 (5.9%)               

   Two or three units per day or less     793    513 (64.7%)      232 (29.3%)   48 (6.0%)              30 (62.5%)           18 (37.5%)             

   More than two or three units per day   74     38 (51.3%)       24 (32.4%)    12 (16.2%)             9 (75.0%)            3 (25.0%)              

  Smoking                                                                                    \<0.01                                                0.37

   Never                                  795    581 (73.1%)      171 (21.5%)   43 (5.4%)              32 (74.4%)           11 (25.6%)             

   Currently                              326    207 (63.5%)      94 (28.8%)    25 (7.7%)              17 (68.0%)           8 (32.0%)              

   Ex-smokers                             327    196 (59.9%)      105 (32.1%)   26 (7.9%)              22 (84.6%)           4 (15.4%)              

  Diabetes family history                                                                    \<0.01                                                0.72

   No                                     1028   738 (71.8%)      244 (23.7%)   46 (4.5%)              34 (73.9%)           12 (26.1%)             

   Yes                                    421    247 (58.7%)      126 (29.9%)   48 (11.4%)             37 (77.1%)           11 (22.9%)             

  WRPA                                                                                       0.01                                                  0.74

   Mostly WRPA                            425    284 (66.8%)      111 (26.1%)   30 (7.1%)              23 (76.7%)           7 (23.3%)              

   No mostly WRPA                         744    531 (71.4%)      174 (23.4%)   39 (5.2%)              28 (71.8%)           11 (28.2%)             

   Not working                            279    169 (60.6%)      85 (30.5%)    25 (8.9%)              20 (80.0%)           5 (20.0%)              

  APA                                                                                        \<0.01                                                0.72

   \< 150 min per week                    542    402 (74.2%)      117 (21.6%)   23 (4.2%)              18 (78.3%)           5 (21.7%)              

   ≥ 150 min per week                     906    583 (64.3%)      252 (27.8%)   71 (7.8%)              53 (74.7%)           18 (25.3%)             

  MSPA                                                                                       \<0.01                                                0.96

   \<2 days per week                      297    226 (76.1%)      59 (19.9%)    12 (4.0%)              9 (75.0%)            3 (25.0%)              

   ≥2 days per week                       1151   759 (65.9%)      310 (26.9%)   82 (7.1%)              62 (75.6%)           20 (24.4%)             

   BMI (kg/m^2^)                          1449   25.5±4.4         28.1±4.9      31.4±6.6     \<0.01    31.1±6.6             32.0±6.8               0.58

  Abdominal obesity                                                                                                                                

   No                                     969    720 (74.3%)      218 (22.5%)   31 (3.2%)    \<0.01    24 (77.4%)           7 (22.6%)              0.67

   Yes                                    482    266 (27.0%)      152 (41.1%)   64 (13.3%)             47 (73.4%)           17 (26.6%)             

  Depressive symptoms                                                                                                                              

   No                                     1142   773 (67.7%)      303 (26.5%)   66 (5.8%)    0.04      49 (74.2%)           17 (25.8%)             0.65

   Yes                                    307    212 (69.1%)      67 (21.8%)    28 (9.1%)              22 (78.6%)           6 (21.4%)              

  Hypertension                                                                               \<0.01                                                0.86

   No                                     995    750 (75.4%)      220 (22.1%)   25 (2.5%)              19 (76.0%)           6 (24.0%)              

   Yes                                    454    235 (51.8%)      149 (32.8%)   70 (15.4%)             52 (74.3%)           18 (25.7%)             

  Health perception                                                                          \<0.01                                                0.32

   Good or very good                      1110   773 (69.6%)      284 (25.6%)   53 (4.8%)              38 (71.7%)           15 (28.3%)             

   Fair, bad or very bad                  340    213 (62.6%)      86 (25.3%)    41 (12.1%)             33 (80.5%)           8 (19.5%)              

   HDL (mmol/L)                           1448   3.0±0.8          2.7±0.7       2.5±0.8      \<0.01    2.7±0.8              2.2±0.6                0.01

   Total cholesterol (mmol/L)             1448   11.1±2.0         11.6±2.2      10.8±2.3     \<0.01    10.4±2.2             11.8±2.3               0.01

   Triglycerides (mmol/L)                 1448   5.5±3.2          7.2±3.7       9.9±7.7      \<0.01    8.7±6.8              13.3±9.2               0.01
  ---------------------------------------------------------------------------------------------------------------------------------------------------------

Data are means ±SD or n (%).

\*P value for the three glycaemic statuses estimated with a Pearson's χ^2^ test or a Fisher's exact test (categorical values) or with a Student's t-test (numerical values).

†P value for the two categories of diabetes awareness estimated with a Pearson's χ^2^ test or a Fisher's exact test (categorical values) or with a Student's t-test (numerical values).

APA, aerobic physical activity; BMI, body mass index; EHES-LUX, European Health Examination Survey in Luxembourg; HDL, serum high-density lipoprotein cholesterol; hypertension, self-reported or measured hypertension; married, married or in a civil union; MSPA, muscle-strengthening physical activity; triglycerides, triglycerides concentration; WRPA, work-related physical activity.

The factors associated with diabetes compared with no diabetes and then those variables associated with prediabetes compared with no diabetes are presented in [table 3](#T3){ref-type="table"}. Total cholesterol (MVOR=0.74 for a one-unit increase, 95% CI 0.64 to 0.86) was associated with a lower likelihood of diabetes, whereas age (MVOR=1.05, 1.01 to 1.09), family history of diabetes (MVOR=3.24, 1.95 to 5.38), abdominal obesity (MVOR=2.63, 1.53 to 4.52), hypertension (MVOR=3.18, 1.76 to 5.72) and triglycerides (MVOR=1.16 for a one-unit increase, 1.10 to 1.22) were all associated with a higher likelihood of diabetes.

###### 

Factors associated to different categories of diabetes status

                                                           Diabetes (n=95) compared with no diabetes (n=1413)   Prediabetes (n=370) compared with normoglycaemia (n=986)
  -------------------------------------------------------- ---------------------------------------------------- ----------------------------------------------------------
  Age, years                                               1.05 (1.01, 1.09)                                    1.04 (1.02, 1.06)
  Sex (Ref='Women')                                                                                             
   Men                                                     1.51 (0.76, 2.97)                                    1.84 (1.30, 2.60)
  Marital status (Ref='Not married or in a civil union')                                                        
   Married or in a civil union                             NA                                                   0.94 (0.69, 1.27)
  Education (Ref='Primary')                                                                                     
   Secondary                                               0.99 (0.55, 1.80)                                    0.93 (0.65, 1.32)
   Tertiary                                                1.03 (0.51, 2.09)                                    0.86
  Immigrant origin (Ref='Not Immigrant')                   NA                                                   
   First-generation immigrant                                                                                   0.86 (0.63, 1.17)
   Second-generation immigrant                                                                                  0.61 (0.39, 0.95)
  Fruits frequency (Ref='Less than once a day')            NA                                                   
   One or more a day                                                                                            0.88 (0.66, 1.17)
  Alcohol consumption (Ref= 'No drink')                                                                         
   Two or three units per day or less                      0.96 (0.52, 1.77)                                    1.38 (1.01, 1.89)
   More than two or three units per day                    1.58 (0.57, 4.33)                                    1.25 (0.65, 2.40)
  Smoking (Ref= 'Never')                                   NA                                                   
   Current                                                                                                      1.37 (0.96, 1.96)
   Ex-smokers                                                                                                   1.38 (0.98, 1.94)
  Sleep in weekend (Ref= '\<=6 hours')                                                                          
   7--8 hours                                              0.8 (0.38, 1.65)                                     1.13 (0.75, 1.70)
   \>8 hours                                               0.97 (0.43, 2.15)                                    1.02 (0.64, 1.62)
  WRPA (Ref= 'Mostly WRPA')                                                                                     
   No mostly WRPA                                          1.1 (0.60, 2.02)                                     0.88 (0.62, 1.24)
   Not working                                             0.75 (0.37, 1.51)                                    0.87 (0.56, 1.34)
  APA (Ref= '\<150 min per week')                                                                               
   ≥150 min per week                                       1.11 (0.55, 2.25)                                    1.29 (0.94, 1.76)
  MSPA (Ref= '\<2 days per week')                                                                               
   ≥2 days per week                                        1.01 (0.43, 2.38)                                    1.18 (0.80, 1.72)
  Diabetes family history (Ref= 'No')                                                                           
   Yes                                                     3.24 (1.95, 5.38)                                    1.52 (1.13, 2.05)
  Abdominal obesity (Ref= 'No')                                                                                 
   Yes                                                     2.63 (1.53, 4.52)                                    1.44 (1.06, 1.97)
  Hypertension (Ref= 'No')                                                                                      
   Yes                                                     3.18 (1.76, 5.72)                                    1.21 (0.88, 1.66)
  Depression (Ref= 'No')                                                                                        
   Yes                                                     1.88 (0.97, 3.64)                                    0.81 (0.56, 1.16)
  Health perception (Ref= 'Good or very good')                                                                  NA
   Fair, bad or very bad                                   1.39 (0.78, 2.46)                                    
  Serum HDL cholesterol, mmol/L, one unit                  1.29 (0.83, 2.01)                                    0.7 (0.54, 0.90)
  Total cholesterol, mmol/L, one unit                      0.74 (0.64, 0.86)                                    1.04 (0.96, 1.12)
  Triglycerides concentration, mmol/L, one unit            1.16 (1.10, 1.22)                                    1.04 (0.99, 1.10)

Data are multivariable-adjusted OR (95%  CI).

APA, aerobic physical activity; hypertension, self-reported or measured hypertension; MSPA, muscle-strengthening physical activity; NA, not selected in the multivariable logistic regression; WRPA, work-related physical activity.

When we compared prediabetes to no diabetes, second-generation immigrants (MVOR=0.61, 95% CI 0.39 to 0.95) and HDL cholesterol (MVOR=0.70 for a one-unit increase, 0.54 to 0.90) were associated with a lower likelihood of prediabetes, whereas age (MVOR=1.04, 1.02 to 1.06), male sex (MVOR=1.84, 1.30 to 2.60), the consumption of two or three units or less per day of alcohol (MVOR=1.38, 1.01 to 1.89), family history of diabetes (MVOR=1.52, 1.13 to 2.05) and abdominal obesity (MVOR=1.44, 1.06 to 1.97) were associated with a higher likelihood of prediabetes.

Discussion {#s4}
==========

Prevalence estimates {#s4a}
--------------------

Data from the EHES-LUX survey provide current national prevalence estimates of diabetes, including undiagnosed diabetes and for the first time prediabetes in a representative population sample of adults in Luxembourg.[@R19] Using WHO standardisation, the overall standardised diabetes prevalence was 5.8% among 25--64-year-old adults (men: 7.5%; women: 4.1%), of which undiagnosed diabetes prevalence was 1.4% (men: 2.3%; women: 0.6%). Among participants with diabetes, 23.8% of them were unaware of their condition. Compared with previous estimates of diabetes prevalence in Luxembourg from the nationwide Observation of Cardiovascular Risk Factors in Luxembourg (ORISCAV-LUX) study conducted in 2007--2009,[@R15] a great increase was observed for both sexes (respectively 7.5% vs 4.4% for men; 4.1% vs 3.0% for women). In this previous cross-sectional study, among 18--69-year-old adults, the criteria to define diabetes status were based on glucose-lowering medication and/or an FPG≥7.0 mmol/L, and not also from a physician diagnosis as in our study. Using the ORISCAV-LUX diabetes definition, the EHES prevalence would be about 1.0 point less. It remains a 10% difference for women and a 64% difference for men between the two studies.

Earlier findings from the Diabecolux study, based on exhaustive data from the national health insurance registry,[@R17] revealed a 3.0% (men: 3.6%; women: 2.5%) 25--64 standardised prevalence of treated diabetes in 2006 in Luxembourg. The main methodological difference on prevalence estimates between Diabecolux and EHES studies concerns the diabetes status definition: undiagnosed patients and patients with untreated diabetes were missing in Diabecolux study. But, if we only consider treated patients, age-standardised prevalence differences between EHES and Diabecolux remain remarkable. Indeed, there is still a striking 40%-increase for men and women in treated diabetes prevalence in 8 years, which is worrisome given the short time interval. These comparisons (with ORISCAV-LUX and Diabecolux) are in line with international data.[@R1] The observed increase in diabetes prevalence in Luxembourg is likely to be explained by demographic and lifestyle changes (population ageing, more sedentary behaviours, overnutrition and increasing obesity prevalence).[@R1]

As prediabetes is a high-risk state for developing diabetes, the surveillance of this population is a major public health priority. The present study provides the first nationwide estimate of prediabetes prevalence. Results are alarming showing that 25% of adults in Luxembourg might suffer from this condition, with an even higher prevalence of prediabetes among male participants. Prediabetes prevalence varies according to Impaired fasting glucose (IFG) definitions[@R25] and individuals' age.[@R5] Hence, in order to compare prevalence between studies,[@R10] it was necessary to harmonise prediabetes definitions and age categories observed in the literature using the same prediabetes definitions. Prevalence comparison shows that in Luxembourg, prediabetes prevalence estimates are similar or slightly lower than those in England,[@R10] similar to Northeast Germany[@R28] or South Korean values,[@R13] but much higher than those reported in a neighbouring country as France[@R14] or South Germany,[@R28] and even slightly higher than estimates in the USA.[@R27]

The comparison of Luxembourg diabetes prevalence with other European or non-European national prevalences revealed, for instance, higher diagnosed values[@R26] in Germany, but lower estimates in France[@R14] despite a slightly older population than the EHES-LUX sample, lower estimates in England,[@R11] similar estimates in South Korea[@R13] but higher in the USA.[@R27] The timeframe of Pierce *et al* and Kim *et al*'s studies and the participants' age in the South Korean studies (at least 20 but with no upper limit) could explain, at least in part, these discrepancies.

Factors associated with diabetes and prediabetes status {#s4b}
-------------------------------------------------------

The high prevalence of prediabetes in Luxembourg is worrisome as this implies that numerous individuals may be at risk of developing diabetes in the near future. The present study provides novel evidence, which calls for urgent public health initiatives to raise the attention of policy makers in the country in order to tackle this neglected societal and economic burden. Indeed, there is currently no national screening programme for diabetes in Luxembourg, or for any other cardiometabolic condition, nor is there any public health initiative or programme to tackle the joint problems of diabetes and obesity in the country. Therefore, it is important to detect and monitor these high-risk factors.

We discuss here the major correlates of diabetes and prediabetes as observed in our study population. Findings on demographic factors associated with prediabetes and diabetes are fairly consistent with previous studies. In our study, prediabetes and diabetes concerned much more men than women but those differences were only significantly associated with prediabetes status. A statistically significant difference was also observed in Portugal with a higher diabetes prevalence observed in men compared with women.[@R29] Reasons for this remain poorly understood.[@R4] On the contrary, Kim *et al* in 2006[@R13] observed no association in Korea between prediabetes or diabetes and sex. Age was also a statistically significant factor associated with prediabetes and diabetes. This association was not observed among subjects with prediabetes in Kim *et al'*s study[@R13] but only in individuals with diabetes for which the statistically significant odds was 1.41 per 10 years. In our study, immigrant generation status was statistically associated with prediabetes and diabetes status. Being a second-generation immigrant was a protective factor for prediabetes status in comparison to a non-immigrant. Interestingly, Luxembourg is a country with a large cultural diversity where almost half of the people are foreign residents from more than 150 nationalities.[@R30] Migration phenomenon was and is still common in Luxembourg. The reasons for this association are unclear, but they might be linked to nutritional and lifestyle patterns, as well as to enhanced awareness and health-seeking behaviours among individuals who are expected to be better integrated in the Luxembourg context than their first-generation counterparts.[@R30] Family history of diabetes was also significantly associated with prediabetes and diabetes status. Even if the association was stronger for individuals with diabetes than for those with prediabetes, this population should not be neglected. Similar results were observed in Kim *et al*'*s* study[@R13] with also a strong association with diabetes and a statistically significant association with prediabetes. Abdominal obesity was statistically associated with individuals with prediabetes and diabetes, as already demonstrated by numerous studies.[@R11]

In our study, hypertension was significantly associated with diabetes but not with prediabetes status. Obviously, diabetes and high blood pressure share a number of potential risk factors (common soil hypothesis),[@R31] and are likely to cluster together along with other cardiometabolic abnormalities. The lack of a significant association between hypertension and prediabetes could be driven by a relatively healthier phenotype in individuals with prediabetes, which might protect them from the concomitant occurrence of high blood pressure,[@R32] but this needs to be supported by additional evidence. Regarding blood lipids, an increase in HDL cholesterol was significantly associated with a lower probability of prediabetes but not with diabetes status. Kim *et al* [@R13] in their study observed a protective association for this variable with both prediabetes and diabetes. Moreover, an increase in total cholesterol was statistically associated with a lower probability of diabetes but not with prediabetes. Hu *et al* [@R33] observed a significant positive association between total cholesterol and diabetes and also with prediabetes. In our study, higher triglycerides levels were significantly associated with a higher probability of diabetes but not with prediabetes. Kim *et al* [@R13] observed a deleterious association for this variable with diabetes (OR 1.23 per 1 mmol/L) but not with prediabetes.

Strengths and limitations {#s4c}
-------------------------

This study has several limitations. First, as in the majority of population-based studies around the world, a low participation rate was unfortunately observed. However, as explained in a previous study from the same survey,[@R19] the randomly selected sample initially contacted to participate in the survey (n=6396) and the actual respondents' sample (n=1451) did not differ according to age, sex and region, which should rule out the possibility of major selection bias. As a consequence, the study findings should be fairly applicable to the Luxembourg population, at least in the age range (25 to 64 years) of the EHES. Second, gestational diabetes was not investigated. This could generate a misclassification if female participants with history of gestational diabetes reported diabetes. However, this potential misclassification is likely to be marginal, as the general diabetes prevalence is not higher compared with neighbouring countries. Another limitation might be that glycaemic status was defined from FPG levels (compared with HbA1c levels) and not from Oral glucose tolerance test (OGTT) levels. However, as described in [figure 1](#F1){ref-type="fig"}, there is a large overlap (almost 75%) between HbA1c and FPG criteria. Moreover, diagnosed and undiagnosed diabetes were differentiated and diagnosis of diabetes was determined from several sources (medication use, physician diagnosis and glycaemia measures) leading to an accurate estimation of diabetes prevalence. Finally, our study was restricted to 25--64-year-old adults, in line with the EHES protocol. Thus, the overall prevalence of prediabetes and diabetes would have been likely higher if older participants (≥65 years) had been recruited in the study, due to high life expectancy in Luxembourg as in other Western countries.

Conclusions {#s5}
===========

In our study, we observed that one in every three adults in Luxembourg may experience either prediabetes or diabetes in Luxembourg, supporting recent evidence showing that high blood glucose values are one of the top five risk factors for the overall burden of disease in the country.[@R34] We observed that risk factors such as age, family history of diabetes and abdominal obesity were common between diabetes and prediabetes. Thus, it is necessary to focus on prediabetes and diabetes high-risk population, with the support of national stakeholders, general practitioners and specialists, in terms of timely detection in primary care settings as well as health promotion and prevention campaigns in the community to limit diabetes-known complications of heart disease, retinopathy, neuropathy, kidney disease and depression. To measure the progress achieved to limit this burden, it would be relevant to conduct in the future other studies on diabetes in Luxembourg.
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